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1 - Introduction
Background and Purpose

The lilinois River basin covers approximately 800 square miles and is divided nearly equally by
the OkiahomalArkansas bordar. The Hingis River is arguable Qldahora’s most valued scenic river
Tha basin has been a hot bed of legal activity since 1982, reaching even the US Supreme Court
i 1992, Okiahoma recently set a 0.037 mg/l phosphorus criterion for scanic rivers. Point source
chischarjers and the application of pouliry fitter are often blamed as the chief sources of phosphorus
in the Hilinois River,

The prmary purpose of this project was 1o predict reductions in poullry fitter application and poinf
source phosphorus discharges which will be required to meet the 0 037mgA Oldahema criterion.
The 0.037 mg/ criterion is calculsted as a geometrc mean, which tends 10 be mora sensitive to
base How concentrations and less influenced by short duration ruroff events. Reducing nonpoint
source phosphorus ioads has may only a minor impact the geometric mean, but is critical to
meeting the beneficial uses for Lake Tenkiller. A secondary goal of this project was to gvaluats the
phosphorus load to Lake Tenkilier under differing point and nongeint scenarios.

The Upiand SWAT Mode!

The SWAT 2000 model was used {o estimate erosion and nutrient loads fom the upland arsas of
{he basin. SWAT is a distributed parameter basin scale model developsd by the USDA Agriculturat
Regearch Service at the Grassiand, Soif and Water Research Labsorstory in Tempile, Texas, SWAT
i included in the Enviranmenial Protection Agency's (EPA) latest release of Better Assessment
Saience integrating Point and Nonpoint Sources (BASINS].

SWAT requires a vast amount of data to properly represent  watershed, Sorme data are supplied
as Geographic information Systems (GIS) data; other data, such as weaiher or management, are
typically labular. These data were cbtained from existing sources, and thus no new data ware
collected specifically for this project by Oldahoma State University.

The in-Strearn Modet

To sucurstely predictin-stream phosphorus concentrations, anew in-stream model was seveloped
for use with SWAT 2000 SWAT was used to predict the flows and nutrient leads from upland
areas, which were routed through the slream network by the new in-gtream model. Soluble ard
particulate phosphorus trapsformations and depositiorvscouring of particutate phosphorus fromthe
stream bed were included in the in-stream moded. The modet wa: Liging d water
quality data from four stations in the basm for the period 1997 to 2001,

PCD-OK-0000812

2 - GIS and Weather SWAT Input Data

B34S data for topography, soils, [and cover, and streams were used inthe SWAT model An ArcView
Gi§ interface generates model inputs from commonty available GIS data. These GIS data were
summarized by the interface and converted to simple tex: files usabla by the model. Observed
temparature and precipitation were incorporated. These data were the most current data archived
at the time of compiiation,

Topography

Topography was defined by an elevation grid (Figure 2.13. Seamiess elevation grids fur the United
States were available for downjoading via the USGS Seamiess Data Distibution Systerm
{hitp:/seamiess. usgs.goviviewer him). The DEM was used {0 calcuiate subbasin parameters such
as siope, siope fength, and to define the stream network. The resulting stream network was used
to define the fayout and number of subbasins. Characteristics of the siream natwork, such as
channet slope, tehgth, and width, were all derived from the DEM.

Seils

Soit GIS data were required by SWAT to define soif charactenstics (Figure 2.2). SWAT uses
STATSGO (State Soil Geographic Database) Gata to define soif atributes for each soit, STATSGO
GiS data wers taken from the {Better Assessment Science Integrating Point and Non-point
Sources) BASING dataset, avaifable oniine at http/www epa. govOSTARASINGY

Land Cover

Land cover was perhaps the most impertart GtS data used in the modei (Figure 2.3). The fand
cover theme affects the amount and distribution of pasture and forest in e basin. Thess fand
covers were radically different. Forested areas contribute littls to the nutnenttoading, whiie pastures
are thought to be the primary source of non-point source nutrients. it is important that land cover
data be based on the most current data avaiiable, since land cover changas over time. Land cover
was derived from 30 meter Landsat 7 ETM+ Imagery by Appifed Analysis incorporated.

The small grains/row crop category was further refined due to the refatively high nutrient ioads from
this land cover. The classification for rowicrop small grains was based on bare soil. However
there are argas in the basin which are notcubva(ed thatmay have significant dare scil. Roads and
bare stream channels were as row rains. Occurrenices of
row crop/smat! grains ot known roads or stream channels were reclassified. The zrea of each
occurence of row crop/small grains was aiso usad to determine likely misciassifications. Since i
was uniikely that anyone would cultivate a fieid of less than three atres, oocufTentes of row
cropismall rains less than three acres were reclassified as over grazed pasture.

Subbasin Defineation

The subbasin layout was defined by SWAT using the DEM, a stream bum-in theme, and e table
of additional outlets. The stream burn-in theme consisted of digitized streams, its purpose was o
help SWAT define strearm locations corectly in flat topography. A rodified reach file frem the US
Envirenmental Protections Agency’s BASING model was used. The theme was madified o remove
the outling of Lake Tenkiller, which the madel confused with a stream path, Modet predictions wers
only avaitable at subbasin outlets, so addiional outiets were added at points of interest such as
gages or water quality sampling sites. A stream threshold value of 3.000 ha was used io delineate
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9 - Results and Conclusions

Load Sources
Tre SWAT modei v used 10 predict the basin load affocation by land cover {Figure 9.1}, The
apphcation of ier cased the par unit area ioad from pastures. Howsever, unfentiized heavily
atifizes pastwes were also major sorributors.  The model predicted that well managed pastures
receiving itter had a similar per unit area total phospharus load 1o unfertiized over grazed pastures
However, this effeci was partially due to elevated STP even in non-littersd pastures.

Phosphorus centributions to Lake Tankiller were droken down by sodrce in Figures 32and 9.3, The
models ndicated that 35% of the total phosphorus reaching the jake was from point sources. The
application of pouliry litter was responsibie for 15% of the total phosphorus load. This does not include
the etfect of increased soil phosphorus from years of poullry litter application, which increased total
phosphorus joad. Tharefore, if fitter appiication was suddenty elintinated, the phosphorus load would
be reduced by approximatsly 15%. Total phosphorus load due only to elevated soil phosphorous from
the apgitcation of fitter was nct estimated

Meeting the 0.037 mg#l Oklahoma Criterion

A man facus of this project was o estimate the level of litter export and poirtt source phosphorus
reductions that were needed fo meet the 5.037 mg/l Oklahoma criterion. The model predicled towi
phosphorss concentration on a daily basis, and thus we elected to assume a sarnple was collected
e@ach day for the pumase of caicuialing the geometric mean. This was more samplas than the
andard required, but was done o ensure there was no effect of sampling scheduie. The 0.037 mygil
ion was calo based on the follows

-18-10. Nutrients, /A Speeial provisicns for Scenic Rivers. (1) Scape and
& Litiy. Thie subsection [y shall be used to determine whether the beneficial use
ot Agsihefics designated tr a segment of a Scentc River is supported with rasped fo
ihe catgrion of lofal phosphorus. (2} Date and procedure. (A} The dats used shai
saiisly aff of the regquirements of 785:46-15-3 excepf subsection (fj thereof
such the data shai include samples coftected from
stream flow of at leas! six {6} storm gvents per catendar year or, if fewer than mne (9)
storm svents oceurred it thal year, then ihe majority of ihe storm events that coeurred
that year. {8} Whenever mulliple samples are taken from 3 single storm evenf, the
event mean conicenlration shaff be determined and used as representative of that
stonm event. {C] A fwee-calendar-month geometnc meen concentration shafi be
determined sach month using the lofat phusphorus data from that month fogether with
such data from the preceding twe calendar months. (3) Support tests. (A] The
ics banefivial use des for a segment of @ Scenic River shaff be deesed
to be supported with respect fo fotal phosphorus 1f less ihan 25% of the monthly
detesrinations made in accordance with (MHZHC) of this Section excead 0.037 my
tota) phiosphorus {53 The Aesthetics beneficiat use designaled for a segrnernt of a
Scenlc fiver shall be deemad tc be not supported with respect to tolaf phosphorus i
25% ar grearer of the monthly delerminations made in accnrdance with (h)(2HC) of this
Section excesd 0.037 mg/l total phosphorus,

we: Add

i i 17 O Rep 1776, eff 7-1.00; Amenied ol 18 Ok Reg 3379, off 8-13-01;
Arrwanied af 21 Gk Rext 1910, off 7-1-21

- Amwsnoer] af 22 Ok Rog eff 7-1-2005)

We simpiated Bter export from 0% to 100% and poing source concentratons from current lavels to

&1
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0.25 mgfl (Table 9.1). Each simulation was evalualed agamst ihe 0.037 mgii. criterion. Point source
reductions hat a much larger impact on the geometric means than iitter expont. For exarmgle, even
with 100% fitter export, three stations still had geometric means in excass of 0.037 mygh 100% of ¢
time. Barron Fork was the only area that currently meets ihe critetion, abuiost certainfy due to the jack
of & majer point source. Modei simulaton were regeated using 20 year design flows as estimated by
DEQ. Design tlows are given in Table 3.4, model prediction are given in Table 9.5

Lake Tenkiller Phosphorus Load

The model predicted that 330,000 kgfyr of total phosghorus reached Lake Tenkijier between 1897 and
2001, Of that 88,000 kgfy! was in sclubie mineral lorms. Predicted dally luads to Lake Tenkillsr were
plottad in Figwe 9.4, and monthly loads given i Figure 9.5 The model predicted that in excess of
60,000K5 of phospharus was transported to the iake in a single day in eardy January 1998, The modet
predicted that these extreme events wash out phosphorus stored in the sediments of the iliinois River
and its tributaries. This event cceurred in & month with a 250,060 ko reduction is stored phosphorus
in as shown in Figure 7.3. itis possible for the average annual phosphorus load predicted by SWAT
{330,000 kg/ yr) could be transporied in a tew days during some of the more extrerns events.

Achieving a 75% Total Phosphorus Load Reduction

The ODEQ requested that we identify possible reduction scenarios to meet @ 75% teduction of total
phosphorus load o Lake Terkiller. Achieving a 75% reduction will require significant changes in the
nasin. Thefoliowing is a list of passibie actions and the resulting reduction i phasphorus joad to Lake
Tenkilier based on our model predictions. Note that the pasture scenarios are mutusiy sxclusive

Practice or modification Redug

Mutualty Exclusive (Gnly one scenario at a lims)

No over grazed pasture

Replacement of litter with commercial nitrogen

Hay pasture cnly, no cattie

Hay pasture only, no cattie, and replacement of itter with commerciat nitrogan
Convert all pastures to forest

Hommutually Exclusive (Add one or more with a single mutually exclusive pasture scer
o

No point source phosphorus distharge 5%
Halt ail row crop/small grains cuifivation 1%

Qur model predicts that the only way lo reach a 75% reduction wauld be 1o convert some pasturs 1o
forest, eliminating all row cropismail grains, litter, cattle, and poinl sources and cutting pastures for hay
only will reduce the load by {34%+35%+ 1%} = 70%. Corwerting all pasture o forest and elimmativg
point sources will reduce the load by (85%+35%) = 90%. A 75% reduction les somawhere between
these two scenardos. Eliminating all row crop/small grains, jitter, zattle, and point sources and cutiing
pastures for hay only, and converting 25% of pasture to forest would resuit in approximaiely 5 75%
{75% = {90%-70%) * 25% + 70%} reduction. Thers are other fractional combination of the szenarios
thatrasult In a 75% reduction, bul we do not have rmodel runs to sugport the flactional scenzrios

Foint Source Reductions Required to Meet Total Phosphorus Criterion

Poirt source reductions are the key ' meeting the 0.037 mg# total phosprors criterion. The modss
predicts that reductions in iitter application will have iite effect upon the maasired thvee manih
geometric means. This 1s not surprising since nenpaint seurces generate loads which are very

&2
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transiont in nature. Nen-point sources confribute only when significant runoff oceurs. Loading from
-paint sowrce is extreme and infrequent. Geometric means are refatively insensitive o extreme
valuss, and are & much better indicator of the median value. Point sources are constant dischargers
which elevate the conceniration uniformly. This uniform elevation is transiated directly to increased
geomeinic mean values. Table 8.3 contains an nypothietic example ilustrating the properties of
geomalric means. In the axampie we propase that thers are oniy three sources of the poliutant
background of natura; sources, paint sources, and nor-point sources. Background load is one unit
per day uniess it rains {as on day five) when it becomes 11 units/day for a total of 20 units. Point
sources are constart discharges and contribute one univday regardlass of rainfall for a totat of 10
units. Litter appiication is the non-point source and it contributes only when it rains, but contributes
10 L y on that day for 2 tutad of 10 unils. Point sources and nen-point source both contribute a
otai of 10 u sach and background is 20 units for a totat of 40 units {25 % point source, 25% non-
point source, and 50% backgroundy. The average of background + point source or background + non-
peint sturce sre both thiee unitg/day, but the geometric means are 2.3% and 1.36, respectively
Adding point source 1o the background increased the geometric mearn by 88% while adding only non-
point source increased itby just 7%, a difference of more that one order of magnitude. The total units
sontricted and e anthmetc averages of these two scenarios are identical. Geometric means are
insensitive to extreme values. Due to nature of 2 geomatric mean, reductions in point source
contributicns must be the primary action required to mest the standard,

Me do nol need SWAT and an in-stream moedel to teli Us we must reduce point scirces to mest the
sandard, but these 1008 can be used to estimate what reductions are needed. We predict that point
sources discharges wilt have to be redice 10 0.25 mgd to meet the standard throughout the basin, and
that reductions in litter apgiication will not have a significant effect on supporting the standard
However. the apphication of fitter remains a mafor contributor to the phosphorus load of Lake Tenkilier,

Modet Limitations

Oitterent portions of this study have different iimitations. The upiand modet is much more robust than
tha analysis of in-siream gegmetric means. The in-stream model tises output rom the upiand SWAT
madet and is therefore subject to i¥'s fimitations as weil as its own

tgtand SWAT Modet Limlations

There are several imitations of the linois River SWAT model that should be noted. Limitations may
Ge the result of data used in the model, inadequacies 11 the modei, or using the modet {o sinwiate
situations for which it was not designed. Hydrologic modeis will always have Hvitations, because the
sC:encs behind e mode) is nat perfect noy complete, and a miodel by definition is a simpiification of
he real world. Undarstanding the limitations heips assure that accurate inferences are drawn from
model predictions.

Weather s the drivinig force for any hydroiogic maodet and thus uncertainty in the ranfall o the rainfal
distribution across the watershed is important. Great care was, therefore, taken to include as much
acourate, observed weather data ag possibie. The inciusion of NEXRAD derived westher data shouid
improve the acauracy of the model and reduce this imitation. However, this was not evaluated it this
study. Rainfal is estimated on a 4 km gnd. Rainfali can be quite variable even within a single grid
el especiaiy in the spring and summer when convective thunderstorms produce precipitation with
& high degree of spatiai vanability. [t may rain heavily at one jocation, bt be dry a short disiance
away. Onan average annuat or average monthly basis, these errors have less influence since they
are typically not additive

Scenarios involying radical departures frony calibration conditions resulr in greater uncertainty
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Aithough calibration assures the user that the results reflect the range of conditions encountered at
the watershed, they do not assure the model will be accurate for drastic changes in fand use or
management.

Oniy major point sources were inciuded in this analysis, aithough there are many sther minor sourcas
in the basin. These other sources, such as nor-poultry CAFOs, and small communities, were
considered negligible.

There is uncertainty associated with specifying unifanm managemert for a land cover category. itis
not practicat to specify management for every fleld in the basin, and this a typical marnagemsit was
selected and appiied basin-wide for each fand cover typa. Managemeant operations inciide g
fertifization, tillage, planting, and harvesting.

tn-Stream Modei Limdations

A model can only be as goed as the data used in it. To accuratety assess the 0.0 mgt Oulahema
criterion more data are needed. A geometric mean by it natre is much mcere sensitive o case fow
concentration than transient events. Nonpoint saurce poliution happens during rainfall & . fach
event produces a siug of matenal that moves througn the ftiinois River and #s wibulares ralatively
quickly. Although each event may result in very high in-siream total P concentralions, e impact on
the geometric mean is relatively small. Based on our model pradictions, nonpeint sourse potiution has
lithe: influence on whether or not the 0.037 mg/i criterion is met.

¢

The in-s: M model presented here is experimental, and has not been extensive validatad. s valid
anly at the tocation for which it was caiibrated and validated, and still contains significant uncertainty
Dominant in-stream nutrient conversions vary by reach and through time. The in-stream modei is a
simplistic representation which contains errors, the amourt of erfor is unknown.

The models were unable to match observed data for Flint Creek, which couid be the result of poor
observed data, structural medel inadequacies, or inaccurate model paraineter astimates. The models
parform better is some areas that in others. it is not possible to quantify how the rodels perfarm at
locations for which we have no data. This adds considerable uncertainty in these pradictions,

Most WWTP have fairly constani discharges, and thus all the point sources were treated as constani
monthly discharges in the modet. Six cut of nine points sources hag measured iotal B concantraticr
data. Aitmajor points sources inthe basin had atieast sonie measure data on which 16 estimate joads.
In lieu of measured data we made estimates of concentration based on ths type of teatment
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Figure 9.1 Totgl phosphorus load per unit area from upland areas by tand cover s predicted by the
SYWAT model in the iinols River basint (1997-2001)
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Figure 9.2 Tetal
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sohorus reaching iake Tankilier by source as predicted by the SWAT and in-
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Figure $.3 Taal phosphores reaching lake Tenkiler by source 2e preditled by the SWAT and |
strenm models. Monthly time-serles1987-2001.
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